The major excreted protein (MEP) of malignantly transformed mouse fibroblasts is the precursor to an acid proteinase with enzymic specificity similar to that of human cathepsin L. By cross-hybridization with a mouse MEP sequence, cDNA clones of the human form of MEP in an SV40 expression vector were isolated. A 1.6 kb cDNA showed 70 % deduced amino acid sequence identity with mouse MEP. The deduced amino acid sequence of the cloned human MEP was the same, except for two amino acids, as the N-terminal sequence of mature human cathepsin L, thereby establishing that human MEP is human pro-(cathepsin L). Use of this human pro-(cathepsin L) cDNA clone allowed the detection of a 1.6-1.8 kb pro-(cathepsin L) mRNA in human cells which was not detected with a mouse pro-(cathepsin L) probe.
INTRODUCTION
Mouse fibroblasts which are malignantly transformed or stimulated by growth factors or tumour promoters synthesize and secrete increased amounts of a 39 kDa glycoprotein with acid-proteinase activity (Gottesman, 1978; Gottesman & Sobel, 1980; Doherty et al., 1985; Rabin et al., 1986; Frick et al., 1985; Nilson-Hamilton et al., 1981; Gal & Gottesman, 1986a) . This protein, termed 'MEP' (major excreted protein), is the precursor to two lower-Mr lysosomal proteins of 29 kDa and 21 kDa , and contains the lysosomal recognition marker mannose 6-phosphate (Sahagian & Gottesman, 1982) . Mouse MEP and human cathepsin L (Mason et al., 1985) share amino acid bond cleavage specificities, catalytic constants and inhibitor susceptibilities (Gal & Gottesman, 1986b; Mason et al., 1987) . Comparison of the deduced amino acid sequences of mouse MEP, or a related protein called 'mouse cysteine proteinase', with a partial amino acid sequence for human cathepsin L, indicates strong similarity between these two sequences, but because of the species differences, does not prove identity Portnoy et al., 1986; Denhardt et al., 1986; Mason et al., 1986) .
In the present paper, we report the isolation and characterization of a full-length human MEP cDNA clone, isolated by cross-hybridization with a mouse MEP cDNA clone. The deduced amino acid sequence from this clone was identical, except for two amino acids, with that of the human cathepsin L Troen (1987) for colony hybridization, using the 800-bp restriction-endonuclease-EcoRI fragment of mouse MEP (Chirgwin et al., 1979; Maniatis et al., 1982) , and Northern blots were as described by Shen et al. (1986) . Northern blots were probed with nicktranslated EcoRI fragments from pHu-16 cDNA or pMMEP-14 cDNA ] are shown. The underlined sequences of human MEP correspond to protein sequences of human cathepsin L obtained by Mason et al. (1986) . The underlined sequence of mouse MEP corresponds to the N-terminal sequence of secreted MEP purified from mouse tissueculture medium . Arrows indicate where processing occurs, and asterisks indicate potential N-glycosylation sites. The proposed active-site amino acids based on papain, Cys-138 and His-276, are shown by c and Ml respectively. Homology is indicated as exact matches (I) and conservative substitutions (:).
was found to be 70 % identical over the entire sequence, with some regions having 90 % identity (e.g. between amino acids 115 and 168 and between amino acids 217 and 249). Over 98 % sequence identity was found between the N-terminal amino acid sequence of mature human cathepsin L (Mason et al., 1986) and human MEP (shown as the underlined sequence in Fig. 2 ). The two amino acids which are different from our predicted sequence and that published by Mason et al. ( Pro for Glu at position 148 and Tyr for Arg at position 153) may be due to problems with the amino acid analysis or to polymorphic differences in the proteins isolated from two different human sources. These results show that MEP is pro-(cathepsin L). Similar conclusions have been reached by Joseph et al. (1987) , who reported the partial sequence of the human analogue of a ras-oncogeneinduced protein which appears to be identical with MEP/cathepsin L. (Shen et al., 1986) . In (a) hybridization was with the human pHu-16 EcoRI fragment and in (b) hybridization was with the EcoRI fragment from the mouse MEP clone pMMEP-14 .
As for mouse MEP and mouse cysteine proteinase Portnoy et al., 1986; Denhardt et al., 1986) , significant homologies were also observed when the human MEP sequence was compared with those of other cysteine proteinases, including cathepsin B, cathepsin H, actinidin and papain. Mouse and human forms of MEP show nearly identical sequences around amino acids Cys-138 and His-276 (Fig. 2) , which are putative active sites on the basis of similarities to papain (Kamphuis et al., 1985) . Comparison of our sequence with those of several other human lysosomal proteins shows no obvious conserved signals for the lysosomalprotein-specific transfer of UDP-N-acetylglucosamine to the high-mannose chain to yield the lysosomal mannose 6-phosphate marker.
The N-terminal sequence of secreted mouse MEP indicates where pre-MEP is processed to yield MEP . The deduced amino acid sequence of human prepro-(cathepsin L) also has the canonical AlaXaa-Ala sequence which precedes the leader-sequence cleavage site (Perlman & Halvorson, 1983) (Fig. 2) . The positions of the N-terminal peptides of mature human cathepsin L within the deduced amino acid sequence of human MEP indicate the sites at which this precursor to human cathepsin L is processed to the lower Mr mature forms.
Because the full-length pro-(cathepsin L) cDNA which we isolated is cloned downstream from the SV40 promoter (Okayama & Berg, 1983) , it is possible to express this cDNA in transfected cells. Recent experiments indicate that the human pro-(cathepsin L) cDNA is expressed in mouse NIH 3T3 cells as a 42 kDa protein that is secreted when it is overproduced (Kane et al., 1988) .
Use of the human procathepsin L cDNA to detect a procathepsin L mRNA in human cells Fig. 3 shows the results of Northern blots with human KB (HeLa) cell and NIH 3T3 mouse-cell RNA probed with the EcoRI 800-bp fragment from the mouse and human MEP cDNA clones. The human probe recognized a 1.6-1.8-kb pro-(cathepsin L) message in human KB cells which migrated just below the 18 S RNA marker (Fig. 3a) and appeared to be the same size as MEP mRNA from mouse cells (Fig. 3b) . At high stringency, the mouse probe recognized a 1.6-1.8-kb RNA in mouse cells but no message in human cells (Fig. 3b) . These data indicate that the human pro-(cathepsin L) cDNA described here (pHu-16) can be used to detect a human pro-(cathepsin L) mRNA, and that there is only one major pro-(cathepsin L) mRNA in cultured human KB cells. Preliminary results indicate that all normal human tissues tested express this pro-(cathepsin L) mRNA (results not shown). The availability of a full-length cDNA probe for human pro-(cathepsin L) will make it possible to assess relative levels of pro-(cathepsin L) mRNA in different tissues and in tumours.
